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[57] ABSTRACT 

A PSK data transmission method wherein in the pres- 
ence of disturbances which are harmonics of a common 
fundamental frequency, the disturbance signals are 
eliminated by the fact that the symbol duration (T) of 
the data symbols, to be transmitted, of a baseband signal 
(B(t)) is selected in such a manner that the period dura- 
tion of the disturbance signal (S(t)) is an integral multi- 
ple N.T of the symbol duration. By forming the differ- 
ence between symbols separated by N intervals from 
each other at the receiver side, the disturbance signal 
(S(t)) is completely suppressed while the data rate can 
be arbitrarily determined via the choice of N. 

6 Claims, 3 Drawing Sheets 
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at the receiver side, the difference of two symbols is 

DIFFERENTIAL PHASE SHIFT KEYING formed which are in each case separated by N symbol 

METHOD FOR THE TRANSMISSION OF DATA intervals. 

Thus, an important feature of the present invention 
FIELD OF THE INVENTION 5 consists in utilizing the periodicity of the disturbances 

This invention generally relates to a method for the wh ! ch 58 t0 P eriodi cfty of the fundamental 
transmission of data. In particular, it relates to such a ? scilJatio11 m order to elij nmate the disturbances by 
method for data which are present as a sequence of f ^ UmS difference of ^P 1 ^ which are separated 
symbols having a particular symbol duration and in ,n i • . ot ^f ««*ly one such period, without 
which method the symbols are modulated by means of l °^ g ^ «sefm urfonnation. 
phase shift keying onto a carrier frequency, are trans- f *? C * ?**, m method v**^* 

mitted and are detected at the receiver side. to ^ ventl0n » [VfV*™* *> N and N can be freely 

selected, very high data rates can be implemented 
DISCUSSION OF BACKGROUND , whilst at the same time suppressing the harmonic dis- 

t ... turbances. 

in some transmission channels, for example in the 

high- or medium-voltage systems with low system fire- BRIEF DESCRIPTION OF THE DRAWINGS 

° f 60 ?* ^"W" ^turbances con- A more lete appreciation of the mvention ^ 

art of the various harmonics of the fundamental system ^ of ±Q ^ttendJnt advantages torfwl ta 

T^fT*™*™ eSpeCmUy by reference to the following detailed description when 
these harmonically related disturbances. considered in connection with the accompanying draw- 
Several proposals have been made to suppress such fogs, wherein- 
harmonic Disturbances during data transmission. Thus, FIG. 1A is a graph showing the spectral power distri- 
a transmission method is known in which the data are 23 bution of a phase shift keyed signal; 
transmitted by means of phase shift keying of a carrier FIG. IB shows the positioning of a distribution ac- 
frequency which is exactly in the center between two cording to FIG. 1A in a spectrum of harmonic distur- 
adjacent harmonics of the fundamental frequency, for bance frequencies in accordance with the prior art- 
example from U.S. Pat No. 4,302,844 or from the arti- 3Q FIG. 2 is a graph showing the positioning of a distri- 
cle by J. T. Tengdin, "Field tests show AMRAC IV pic bution according to FIG. lAina spectrum of harmonic 
communication is promising", Modern Power Systems, disturbance frequencies according to an illustrative 
June 1985, pages 57 et sequ. embodiment of the invention with N= I; 

The power spectrum of this phase shift keyed oscilla- FIG. 3 is a graph showing the vector representation 
tion obeys a (sinx/x) 2 function symmetrically with re- 35 of a disturbed phase shifted keyed signal with the useful- 
spect to the carrier frequency. If then the symbol dura- signal vector a* and the disturbance signal vector ar, 
tion of the data symbols used for the phase shift keying FIG. 4 is a waveform diagram showing time relation- 
is selected to be equal to twice the period duration of ship between the baseband signal B(t) and the distur- 
the fundamental disturbance frequency, the harmonics bance signal S(t) in the transmission method according 
of this fundamental frequency are exactly located in the 40 t0 the invention in its general form; 
nulls of the signal power spectrum and can thus be FIG- 5A is a the block diagram of a transmitter in- 
suppressed on the receiver side by a suitable filter with- eluding a coder for carrying out the method according 
out impairment of the useful signal. to the invention; and 

However, the known transmission method is re- FIG. 5B is a block diagram of a receiver including a 

stricted in its data rate to the comparatively low value 45 detector for carrying out the method according to the 

of half the fundamental frequency because of the special invention. 

choice of symbol duration with respect to the funda- DESCRIPTION OF THF PRFFFHRFn 

mental disturbance frequency which is not freely select- Ut^CRIPTI^OF TlffiPREFERRED 

able. With a system frequency of 50 or 60 Hz, this corre- EMBODIMENTS 

sponds to a data rate of 25 or 30 Baud, respectively. 50 For a tetter understanding, the invention, in a special 

CTT1 ^, A „„ " illustrative embodiment, will first be compared with the 

SUMMARY OF THE INVENTION prior art in the text which follows before it is then de- 

Accordingly, one object of this invention is to pro- ^ted in its general form, 

vide a novel method for the transmission of data which liard snift teywg of a carrier oscillation 

enables a much higher data rate to be achieved with the 55 ^ carrier frequency £>by a sequence of binary 

same insensitivity to disturbances occuring as harmon- data P rovides a spectral power distribution P(f) against 

ics of a fundamental frequency. frequency f which is reproduced in FIG. 1A and obeys 

In a method of the type initially mentioned, the object rdationshi P 
is achieved by the fact that „ 

the phase shift keying is carried out differentially Cm l^-WAKT- Wr|* (i) 

US ° fSO<a31ed DPSK =Differential Phase Shift (T is the symbol duration of the symbols the sequence of 

' *" . . which represents the data). 

as a earner frequency a frequency is used which is Because of the periodicity of the sin function in (I) 

equal to a harmonic of the fundamental frequency. 6S ^ spectral powe/dfetribution P(f) has eJuSsttTnuUs 

the symbol duration is selected in such a manner that in its spectrum on both sides of the carrier frequency f, 

the period of the fundamental frequency is N-times the This characteristic has been utilized in the prior art to 

symbol duration (N= 1, 2, 3, . . . ), and effectively suppress disturbances which are harmonics 
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of a common fundamental frequency f<j» without im- is the difference between two adjacent useful-signal 

pairing the transmission of the information itself. vectors which can be 0 or 2a* depending on whether 

For this purpose, the carrier frequency of is placed in the phase changes or not 

a predetermined discreet spectrum of the form n-fG In this manner, the information contained in the phase 

(n= 1, 2, 3, . . . ) as shown in FIG. IB and known from 5 difference between two adjacent states is detected and, 

the article initially quoted, exactly into the middle be- at the same time, the disturbance factor located in the 

tween two adjacent harmonics (for example n-fa and middle of the useful-signal spectrum is eliminated. 

(n+ l)fG in FIG. IB) and the symbol duration T is se- On the basis of this special example of the data trans- 

lected in such a manner that it corresponds to twice the mission according to the invention, which enables the 

period duration of the fundamental frequency fG. 10 data rate to be doubled (by halving the symbol duration 

Under these conditions, the harmonic oscillations T), a generalization leading to arbitrary data rates can 

n-fGOf the fundamental frequency fcare located exactly j, e obtained whilst retaining the principle of forming the 

in the nulls of the spectral power distribution P(f) and difference. 

can be suppressed by a filter having a sinx/x character- The spectrum of harmonic disturbance frequencies of 

istic at the receiver side without impairing the data 15 a common fundamental frequency f G can be represented 

tra nsmissi on. 35 periodic (non-sinusoidal) oscillation having the per- 

As has already been mentioned, the data rate m this j oc j duration l/f^. 

known method is restricted to a value of fc/2 by the u ±e symbol duration T is then selected in such a 

choice of conditions. In the case of a data transmission ^ ^ riod duration 1/f(?of ±e disturbance 

via distribution systems having a fundamental distur. 20 sigQal S(t) h ^ ^pid multiple of symbol duration T 

bance frequency fo of 50 or 6 Hz, this results in data m ^ baseband signal B(t) ^ 4); 

rates of only 25 or 30 Bauds, respectively. 0 

In phase shift keyed data transmission, DPSK modu- i/f G «N.T (N*»i, 2, 3, . . . )- (5) 
lation (Differential Phase Shift Keying) is now fre- 
quency used, to wttch the iiiforniation ^ 25 the entire disturbance spectrum can be eliminated by 
is contained in the phase change between two adjacent forrning hi each case at the receiver side the difference 
states and which avoids synchronisation problems be- between symbols which are separated by N symbol 
tween transmitter and receiver side. intervals since the disturbance signal S(t) again assumes 

Using the special characteristics of DPSK modula- ^ m value ^ ^ N . x ^ ^ ^ out when 

tion, the data rate achievable with the transmission can 30 ^ difference is formed 

be doubled as compared with the prior art in accor- ^ formatioa of ^ difference between symbols 

dance with a special illustrative embodiment of the ^ b N mtervaLj from other must be taken 

™ OTtl ° n : .u ■ r r r.u consideration in the traiismitter-side data process- 

For this purpose, the earner frequency f 0 of the m ^ ^ ^ of mc £ din a 

DPSK signal is placed, as shown in FIG. 2, not between « 7 in . 0 B vT . mQn i n „u*i nn QTir i a mn A„\ a 

. two adjacent harmonics but exactly onto a harmonic of 35 ^° c cVl ^^^ mam P ulatlon md a modula - 

the fundamental frequency f G and the symbol duration t0 ^ c ?^ be ttansmitted passes via a 

T is selected in such a manner that it is equal to the . ^ucu^ ^ uc r Tj . 7 

period duration of the fundamental frequency f G . c ? d ' r m jf 1 * ** fot **" 2 ' J** ? U * Ut 

Under the above conditions, the harmonic distur- ° f *• } * """J* 1° the /^"T* 3 ;™* 

bance frequencies on both sides off.are again located in 40 *** ? omm £ from ^ e 2 l m a '* e same time fed to 

the nulls of the spectral power distribution whereas the a dela y ™*x* l *x «™Pte a shift register and are 

harmonic which is equal to the carrier frequency U is from ap P h f d ? a mP ° I ^ 

placed in the middle of the main area of the signal spec- " e ***** modulus 2 to the data sequence present at the 

trum and must therefore be eliminated in a different 45 m ? ut * Accordingly, two symbols separated by N 

manner 45 mtervals are m each case added in the coder before they 

According to FIG. 3, the received signal r(t) can be are ^ USe ? for pha ^ ^^f^ a 
represented as the vector sum of a useful-signal vector , 0n *? rec ? ve f ade . ^G. 5B), a demodulator 12 
a, and a disturbance-signal vector a/ in the complex demodulates the mcommg m^ulatedsignal and pro- 
plane duces a demodulated baseband signal. The demodulated 

50 baseband signal passes to a detector input 5 of detector 
Kf)=a&)+aAi) (2) 13 and from there to an integrator 6 which forms the 

integral 

Transition to the imaginary section results in: 

„ kT (6) 

K0=Oisin((Oof+«j)+a/siii(«^+a/) (3)" / B£t)dt (k = 1, 2, 3, . . .) 

(* - or 

with the phase constants 0 A 0/ and the amplitudes 

a,= + 1 (corresponding to phase jumps of 180°) and of toe received baseband signal B^t). The signal passes 
a/= const, and a) 0 =2irfo. via a sampler 7 operating at the sampling rate 1/T to the 

To process the received signal r(t) in a suitable man- 60 positive input of an adder 10, is at the same time delayed 
ner, a vector receiver is used which forms the difference Dv N * T m a delay section 4 and fed to the negative input 
between the vectors at time kT and time (k- 1)T: o f toe adder 10. 

Thus, the deciding formation of the difference lead- 
r(kT)-i((k- l)T) (4) ing to the elimination of the disturbance signal S(t) and 

63 cancelling the addition from the transmitter-side coder 
Since the harmonic disturbance frequency located at f 0 ' (FIG. 5A) is performed in the adder 10. 
is periodic with symbol duration T, it always drops out. The adder 10 is followed by a so-called sheer 8 which 
when this difference is formed. The remaining quantity makes a (+ 1/— 1) decision depending on whether the 
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signal coming from the adder 10 is greater than or less 
than 0. The detected data sequence can be finally picked 
up at the detector output ?. 

All functional blocks also needed for the transmission 
method according to the invention, such as oscillators, 
phase modulators and demodulators, can be of a con- 
ventional type and are therefore not described in 
greater detail at this point. 

Overall, the invention provides a transmission 
method which enables disturbance-proof data transmis- 
sion at a high data rate to be achieved especially with 
co mm u ni ca t ion via distribution systems with their har- 
monic disturbances. 

Obviously, numerous modifications and variations of 15 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practices otherwise than as specifically described 
herein. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. Method for transmitting a sequence of symbols, 
comprising the steps of: 

selecting symbols from the sequence of symbols at a 
data rate 1/T which is equal to a predetermined 
number N times a fundamental frequency fc of a 
disturbance signal, where 1/T=N f& 

coding the selecting symbols by adding to each sym- 
bol a symbol which is displaced by a time interval 
NT, wherein the time interval NT is equal to N 
times a symbol duration T, said symbol duration T 
being equal to the inverse of the data rate 1/T; 

modulating the coded symbols by differential phase 35 
shift keying (DPSK) onto a carrier signal of a fre- 
quency fb, said frequency fo being equal to a prede- 
termined harmonic of the fundamental frequency 
f<K 

demodulating the carrier signal into a baseband sig 
nal; 


integrating the baseband signal over the period of one 
symbol duration T: 

rate which is equal to the data rate 1/T; and • * • 


forming a phase difference between the sampled base- 
band signal and the same sampled baseband signal 
displaced by the time interval NT. 

2. Method as claimed in claim 1 further comprising 
5 the step of: 

feeding the phase difference to a sheer. 

3. Method as claimed in claim 2, wherein the prede- 
termined number is N= 1. 

4. Data transmission system for transmitting data 
10 oyer a power line which is disturbed by harmonics of a 

given fundamental frequency f$, said data transmission 
system comprising: 
a transmitter comprising, 
a coder which selects symbols from a sequence of 
symbols at data rate 1/T, said data rate 1/T 
being equal to a predetermined number N times 
the fundamental frequency said coder coding 
the selected symbols by means of an adder and a 
delay section, said delay section delaying an 
output of the adder by a time interval NT, which 
is equal to N times the inverse of the data rate 
1/T, said coder feeding the delayed output back 
to the adder, and 
a modulator connected to the coder and modulat- 
ing the coded symbols by means of differential 
phase shift keying onto a carrier signal having a 
frequency fo, which is equal to a predetermined 
harmonic of the fundamental frequency ia; 
a receiver comprising, 

a demodulator for demodulating said carrier signal 

into a baseband signal, and 
a detector comprising an integrator for integrating 
said baseband signal over a period of one symbol 
duration T, which is equal to the inverse of the 
data rate 1/T, a sampler sampling at the data rate 
1/T, a second adder with a positive and a nega- 
tive input and a delay section being connected to 
an output of said second adder and delaying by 
the time interval NT and feeding back to the 
negative input of the adder. 

5. Data transmission system as claimed in claim 4, 
further comprising: 

a sheer following the adder. 

6. Data transmission system as claimed in claim 5, 
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